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SN	and	NEN	EvoluAon	

By developing the Space Mobile Network, NASA has the opportunity to: 
•  lead the next generation of space communication and navigation;  
•  realize an all optical space network  
•  potentially reduce communication infrastructure costs; 
•  ensure interoperable standards and protocols exist that provides US 

Commercial industry a head start; 
•  and provide an engine to help drive the U.S. and global economy.    
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2015	 2025	 2040	

ERA	1:	As-Is	&	Tech	Dev	 ERA	2:	Core	ImplementaEon	 ERA	3:	Hybrid	Ref.	Architecture	

The new management paradigm enables an incremental 
capability approach, which together, allow for efficient transition 

from current state to 2040 Hybrid Reference Architecture 



Modeling	the	(R)evoluAon	

•  An	architecture	model	is	a	single	Ame	history	of	architecture	
assets,	their	capabiliEes,	and	their	locaEons	

•  A	user	model	is	a	single	Ame	history	of	users,	their	needs,	and	
their	locaEons	 3	

2000	 2010	 2020	2015	 2025	 2030	 2040	2035	

User	Model	

Architecture	Model	

Data	Mining	



Payload and Bus SE Parameters 
Relay Cost 

Architecture Lifecycle Cost 
Architecture Benefit 

Analysis	Process	

4	

User Scenario 
Generator 

SCMM 

User 
Needs 

Use Case 
Time 

Histories 

ITACA User 
Input Module 

Data 

Integrated Trade Space Analysis 
of Communications Architecture  

(ITACA) 

Software (NASA) 

User 
Model(s) User 

Model(s) User 
Model(s) 

Software (MIT) 

Candidate 
Architecture(s) Candidate 

Architecture(s) Architecture(s) 

Enumerated 
Mission List(s) Enumerated 

Mission List(s) Enumerated 
Mission List(s) 

Key 

Modeling	
Focus	



User	Model:	Data	Sources	
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SN	Daily	OperaAons	Report	

File	type:	pdf	
Data:	daily	SN	usage	by	mission,	
some	NEN	usage	by	mission	

Space	CommunicaAons	
Mission	Model	(SCMM)	

Mission

ACE

AIDA

AIDA - AIM

AIDA - DART

AIM

Airborne Science Program

ALOS-2/Daichi-2

Antares ELV

Apophis Beacon

Aqua

ARCM

Aliases Full Name Life-Cycle Phase

Advanced Composition 
Explorer

Operations

aka: DART (Double 
Asteroid Redirection Test); 
AIM (Asteroid Impact 
Mission)

Asteroid Impact and 
Deflection Assessment

Formulation

aka: AIDA Asteroid Impact Mission Formulation

aka: AIDA Double Asteroid 
Redirection Test

Formulation

aka: SMEX-09; program: 
Explorers

Aeronomy of Ice in the 
Mesosphere

Operations

aka: Earth Sciences, ER-2 Airborne Science Program Operations

Advanced Land Observing 
Satellite

Operations

aka: Taurus II Implementation

Pre-Formulation

aka: EOS-PM; program: 
EOS; instrument: AIS

Earth Observing System 
Afternoon

Operations

aka: ARM Asteroid Redirect Crewed 
Mission

Study

Orbit 
Regime

SEL1

Deep Space

Deep Space

Deep Space

Earth: LEO-P 
(600km x 
600km x 
97.4 deg.)
Earth: 
Aeroflight
Earth: LEO-P

Earth: 
Ascent

Deep Space: 
asteroid 
Apophis 
lander
Earth: LEO-P 
(705km x 
705km x 
98.14°)

Deep Space; 
Cis-Lunar

Launch 
(Published)

08/25/1997, 
1439Z

OCT 2020

OCT 2020

12/18/2020

4/25/2007, 
2026:04Z

10/01/1996

5/24/2014, 
0305:14Z

NET 2020

05/04/2002

NLT DEC 2026

Prime Mission 
End

Expected 
Mission End

Potential 
End

Probable 
End

1999-08-25 2018-09-30 2020-09-30 2025-09-30

2022-09-20

2009-07-25 2018-09-30 2019-09-30 2020-09-30

2002-09-30 2008-12-31 2011-12-31

2008-05-04 2017-09-30 2020-09-30 2022-09-30

NEN SN DSN Other 
Network

X None X

P X (ESA)

P X (ESA)

P X (ESA)

X X None

None None None X ( WATR)

None P None X (JAXA)

X (Eastern 
Range)

None None None X (Russia)

X X None C (NOAA, SG4)

P P X

Notes

70m contingency only. CCSDS.  For 
Passes, Interval and Duration, the 
values are an average of 1 pass per 
day for 3.5 hours + 3 passes per 
week for 1 hour.
The primary objective is to 
demonstrate a kinetic-impact 
deflection and characterize the binary 
near-Earth asteroid 65803 Didymos. 
The DART spacecraft (NASA) is the 
asteroid impactor, and the AIM 
spacecraft (ESA) is the rendezvous 
spacecraft.
Target: Didymos binary 18 months 
after launch. Expected to use the 
Planetary Radar during the impact and 
shortly after the impact event.
Target: Didymos binary in 9/20/2022.

CCSDS. Adequate propellant >2017.

This will be a crewed mission to a 
captured asteroid for exploration and 
sample retrieval.

File	type:	xls	
Data:	communicaAon	needs,	
mission	start/stop	dates	

SN	Schedule	
Database	Extract	

File	type:	Oracle	DB	
Data:	scheduled	SN	services,	

by	obfuscated	mission	

SGSS	Customer	List	

File	type:	xls	
Data:	SN	services,	by	mission	
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10.1 10.2 11.1 11.2 11.3 11.4 12.1.1 12.1.2 12.2 12.3 12.4 13.1

SSC SSC SSC SSC SSC UIFC UIFC UIFC UIFC UIFC UIFC UIFC

Initial Data Rate
(bps)

RLBP Link CharacteristicsRLBP Links

SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR
SCAN Test Bed Harris KaSAR

SCAN Test Bed JPL SSAR
SCAN Test Bed JPL SSAR
SCAN Test Bed JPL SSAR
SCAN Test Bed JPL SSAR
SCAN Test Bed JPL KaSAR
SCAN Test Bed JPL KaSAR
SCAN Test Bed JPL SMAR
SCAN Test Bed JPL SMAR
SCAN Test Bed JPL MAR
SCAN Test Bed JPL SMAR
SCAN Test Bed JPL SMAR
SCAN Test Bed JPL SSAR
SCAN Test Bed JPL KaSAR
SCAN Test Bed JPL KaSAR

BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)

BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)
BB ULE (I)

300000 A A A A A N/A N/A N/A N/A A N/A N/A

100000000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

300000 A A A A A N/A N/A N/A N/A A N/A N/A

300000 A A A A A N/A N/A N/A N/A A N/A N/A

300000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

300000 A A A A A N/A N/A N/A N/A A N/A N/A

192362 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A N/A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

24000 A A A A A N/A N/A N/A N/A A N/A N/A

300000 A A A A A N/A N/A N/A N/A A N/A N/A

150000 A A A A A N/A N/A N/A N/A A N/A N/A

Use	by	Asset/Service	Time	
Use	by	Data	Volume	

Use	by	Frequency	Band	
Use	by	User	

Long	Term	Trends	
etc…	



Enumerated Mission Set – Committed & Potential SCaN Users 

Space	CommunicaAons	
Mission	Model	(SCMM)	
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CommiEed"Satellites"K"RouJne"(2014"ProjecJon)"

CommiEed"Satellites"K"All"(2014"ProjecJon)"

Supported"Ops"K"RouJne"(Ops"Reports)"

Supported"Ops"K"All"(Ops"Reports)"

SCaN%Network%Opportunity:%Number%of%Pla8orms%
CommiEed"&"PotenJal"K"RouJne"support"

"(source:":""SCaN"CommiEment"Docs"&"SCMM/EKSCMM)"
"

Note:"ConsideraJon"for"small"satellite"constellaJons"not"
yet"fully"assessed,"but"potenJal"systems"in"data"set"includes""

a"few"prospecJve"constellaJons""

Number%of%Pla8orms%with%
SCaN%Support%

"
Support"K"Total"2014"="76"

"
RouJne"2013"="65"
RouJne"2014""=""66"

"
(source:"SCaN"ops"reports)"

SCaN%Commi;ed%="Number%of%Pla8orms%
TopKline:"All"(RouJne,"ShortKduraJon,"&"ConJngency"support)"
Second"Line:"RouJne"only"
"
(includes"projected"extended"mission"life)""
(source:""SCaN"CommiEment"Docs"&"SCMM/EKSCMM)""

•  Includes all SCaN-committed missions, and 
•  All key stakeholder planned and potential missions (e.g., AOs)  



SN	&	NEN	Daily	Report	

•  SN	daily	report	from	1997	–	present	
–  Intern	delivered	JAVA	uAlity	to	process	new	pdfs	
–  Cleaned/consolidated	data	into	two	spreadsheets:	daily	usage,	daily	loss	
–  681002	individual	records	
–  Service	hours	=	sum	of	all	services	in	an	event:	SSAF,	SSAR,	TRK	=	3x	event	length	

•  NEN	daily	summary	from	2008	–	present	
–  Provided	mission,	asset,	AOS	Ame,	LOS	Ame	
–  439992	individual	records	
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Space	Network	 Near	Earth	Network	



SN	&	NEN	Daily	Report	

•  The	number	of	daily,	monthly,	and	annual	users	is	increasing	
•  Monthly	users	40%	greater	than	daily	users	
•  Annual	users	50%	greater	than	monthly	users	
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Space	Network	 Near	Earth	Network	



SN	&	NEN	Daily	Report	

•  Usage	driven	by	“top	ten”	customers	
•  Daily	usage	growth	has	slowed,	temporarily	

–  SN	constrained	by	ground	assets:	BPRS,	GRGT,	&	SGSS	
upgrades	will	expand	capacity	

–  SN	constrained	by	space	assets:	TDRS	KLM	will	expand	capacity	
–  Several	high	demand	users	are	expected	in	near/middle	term:	

•  ISS	upgrade	to	600	Msps	service	
•  JPSS1,	JPSS2+,	…	 9	

Total	Hours	 Normalized	



SN	&	NEN	Daily	Report	

•  Usage	follows	a	long	tail	(power	law)	distribuAon	
•  Are	long	tail	distribuAons	evident	in	other	areas?	
•  SN	daily	report	itself	not	traceable	to	a	con-ops:	

–  asset	Ame	
–  data	volume	
–  contact	duraAon	
–  #	of	events/day	

•  Need	addiAonal	data	to	derive	con-ops	
10	

Space	Network	 Near	Earth	Network	



SN	Schedule	Database	

•  13	day	Oracle	DB	schedule	from	May	2012	
•  4013	unique	events,	44	obfuscated	users	

11	



SN	Schedule	Database	

•  Power	law	distribuAons	evident	in	many	different	views	of	the	dataset	
•  But…	

12	



SN	Schedule	Database	

•  Service	hours	is	
correlated	to	asset	
hours,	#	of	events,	
return	data	volume,	and	
forward	data	volume	

•  Pass	duraAon	is	
uncorrelated	with	
network	usage,	by	Ame	
or	by	data	volume	

•  Pass	duraAon	is	slightly	
negaAvely	correlated	
with	#	of	events	
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Service	Hours 1.000 0.824 0.791 0.753 0.698 -0.023

Asset	Hours 0.824 1.000 0.849 0.416 0.349 -0.054

#	of	Events 0.791 0.849 1.000 0.503 0.323 -0.280

Return	Data	Volume 0.753 0.416 0.503 1.000 0.895 -0.084

Forward	Data	Volume 0.698 0.349 0.323 0.895 1.000 -0.017

Pass	Duration -0.023 -0.054 -0.280 -0.084 -0.017 1.000



Modeling	the	(R)evoluAon	

•  User	model	will	follow	a	power	law,	defined	by	highest	TDV	customer	and	#	of	users	
•  Pass	duraAon	is	uncorrelated	with	TDV	
•  Monthly	unique	users	40%	greater	than	unique	daily	users	
•  Annual	unique	users	50%	greater	than	unique	monthly	users	
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2000	 2010	 2020	2015	 2025	 2030	 2040	2035	

User	Model	

Architecture	Model	

Data	Mining	



Future	Work	

•  Define	TDV	anchor	user	projecAon	
•  Define	#	of	users	projecAon	
•  Further	analyze	datasets	to	discover	more	empirical	laws	
•  Update	analysis	based	on	fresh	(2016)	data	for	SCMM	and	SN	schedule	database	
•  Cubesats!	
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